Cysteine proteases such as papain are not inhibited by substrate analogue peptidyl boronic acids.
Peptidyl boronic acids that are close structural analogues of good substrates have been prepared and evaluated as potential transition state analogue inhibitors of the representative cysteine protease, papain. However, no inhibition could be detected at concentrations up to 10 mM. The reasons for the lack of inhibition were sought from molecular modeling. Molecular mechanics and semi-empirical quantum mechanics calculations indicated that the absence of inhibition was due to boronic acid-cysteine protease tetrahedral complexes being 0.79 kcal mol-1 less stable than their preceding noncovalent EI-complexes. In contrast, an analogous boronic acid-serine protease tetrahedral complex was calculated to be 2.74 kcal mol-1 more stable than its precursor Michaelis EI-complex. It thus appears that boronic acids are ineffective inhibitors of cysteine proteases due to the thermodynamic favoring of a weak EI-complex preceding tetrahedral intermediate formation, and that any oxyanion hole stabilization of the subsequent tetrahedral intermediate cannot overcome this energy handicap.